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Introduction
The formation of cognitive skills (memory, learning, information speed, verbal skills) and noncognitive skills (motivation, volition, persistence, social skills) is a cumulative and synergetic process, which starts in the womb and is influenced by inherited as well as created abilities . The early years in the development of skills are crucial because of the dramatic speed of the brain development and learning and because of self-productivity. Self-productivity is the essential feature in the process of skill formation, which postulates that skills and health acquired at one stage in the development process enhance skill and health formation at later stages . Varied experience in early childhood thus lays the foundation to some extent for success or failure in school and labor market and for human capital formation in later life.
Empirical analysis of self-productivity in early childhood and throughout the life cycle is still hampered by a lack of representative data. Measurement of several constructs of skills, for instance intelligence and motivation, at different development stages from early childhood to adulthood are costly and may nevertheless remain ambivalent, in particular for young and very young children. Collecting data for skills over the life cycle together with the main skill formation factors (investments by parents, school, peer groups etc.) is a task of intensive ongoing research. Given the importance of self-productivity in early childhood and its long run multiplier effects for human capital accumulation, quantitative knowledge on its magnitude is a prerequisite for the formulation of compensational policies.
Using the German Socio-Economic Panel (GSOEP), we empirically assess selfproductivity in a three stage developmental process. Our contribution to the burgeoning empirical literature on self-productivity n.d.) in early childhood is threefold. First, the paper presents a quantitative assessment of the feature self-productivity in the first three years of an children's life. Second, we compare the returns of investments on skill measures at birth, at the age of 3-18 months and at the age of 26-42 months with the magnitude of self-productivity. Third, we assess the returns on general and stage specific investments on child's skill measures at different stages. The skill and health indicators are derived from a comprehensive battery of maternal assessments. The first skill indicator is the birth weight. Empirical research summarized in (Reichman; suggests that the birth weight reflects some important skills and health dimensions 1 for socio-economic outcomes in adolescence and adulthood. 1
Our empirical findings indicate that both, acquired skills at previous stages and parental investments, contribute to the skill formation process in early childhood.
The magnitude of self-productivity varies between skills and over time. A one percent increase in birth weight increases child's noncognitive skills and child's health between 0.34 and 0.64 percent until the age of 18 months. Until the age of 42 months a one percent increase of child's noncognitive skills at the second stage leads to an increase in child's verbal skills and child's everyday skills by 0.58 and 1.04 percent.
The estimation results suggest strong synergies between child's health and child's noncognitive skills.
Furthermore, we find that father's support and mother's physical and mental health exert a positive influence on the child's noncognitive skill development, which deepens further skill formation through self-productivity. Families who pay attention to a regular interaction with their child and a regular meal significantly improve skill formation in early childhood. Our investigation may also be helpful for understanding the causality behind the intergenerational transmission of human capital and inequality that takes place in early childhood. The magnitude of self-productivity in the first three years of life suggests that strong compensatory effort is needed to improve skills and health for children from disadvantage families. In addition, improvements in nutrition for eliminating birth weight differences will be more effective if they are combined with following up parental investments.
The rest of the paper is organized as follows. In chapter 2 the skill production function and the concept of self-productivity are introduced with regard to the following empirical analysis. Section 3 describes the sample and the summary statistics, based on the GSOEP for the birth cohorts [2002] [2003] [2004] [2005] . Section 4 presents the estimation approach and discusses the empirical results. Section 5 concludes.
2 Self-productivity in a three stage process For the empirical investigation of self-productivity a three stage skill formation process is specified, see Cunha and Heckman (2007) . 2 We investigate a child's skill development at birth, at the age of 3-18 months and at the age of 26-42 months (see Table 1 ). For each stage inputs and outcomes are discussed. 3 Equation (1) presents the skill production function at birth. The birth weight, S 1 , seems to be a reasonable predictor for the skill and health development in the short and even in the longer run (Oreopoulos et al.; 2001) .
The birth equation (1) consists of two inputs: S 0 denotes initial characteristics of the newborn and I 1 denotes parental investment in the first stage
Initial children's characteristics are the gender and the number of siblings (or twins) at birth. Investments can be stage specific or more general. Important stage specific investments are the health and the behavior of the mother during pregnancy (Barker; 1992) . 4 The educational status of the mother or their living environment can be regarded as general investment. 5
For the skills at the second stage the GSOEP contains several indicators of the personality traits and health of the children. Mothers are asked to assess the satisfaction, crying behavior, console behavior, activity and the health of their newborn on a four point Likert Scale. The indicators will be interpreted as different aspects of the child's noncognitive skills and child's health, for instance (Borghans et al.; ), which can be productive for the formation of cognitive, noncognitive skills and health at later stages. For instance, high activity enhances the child's movement which improves the development of motor and everyday skills. And poor health might reduce relation to other children, movements and satisfaction and therefore may hamper the acquisition of verbal, social and motor skills at later stages. In addition, we compute one overall skill indicator, called meta skill, which is the average of these five skill measures. According to the technology of skill formation each of these skill indicators is regarded as a function of current parental investments, I 2 , and the skill indicator at birth, S 1 , (see equation 2). The index j describes the five indicators of noncognitive skills and health (j=1,. . . ,5) and the meta skill (j=6)
S j 2 = f 2 (S 1 , I 2 ) for j = 1, 2, ..., 6.
At this stage, a strong father's support in raising children represents a stage specific investment. There can be two channels through which father's support enhances the child's skills. First, each contact with the father could improve the father-child relationship and raise the child's satisfaction, activity, crying and console behavior (Gamble et al.; Laucht; Siantz and Smith; 1994) . Second, it may reduce the stress of the mother which also improves the child's development. Furthermore, mothers' physical and mental health and children's nutrition between 3-18 months contribute to a child's skill development. Note that all of these skills at the second stage represent some dimensions of the child's noncognitive skills. Thus, we expect that each input might have different impacts on the child's skills.
For the analysis at the last stage, the data again contain mothers' assessments of four personality traits and their children's health. A meta skill is computed as the mean of these noncognitive skills and the health. In addition, the GSOEP contains a survey of child's progress in verbal, motor, social and everyday skills. The mothers are asked to assess these skills, based on the Vineland Adapted Behaviour Scale (Sparrow et al.; 1984) . The scale includes five assessments for each, verbal, motor, social and everyday skills (see Table A2 in the Appendix). Verbal skills are one of the most important cognitive skills which are a prerequisite for the acquisition of other cognitive skills. The development of motor skills is closely related to other cognitive skills such as perception and verbal skills (Steigleider et al.; 2002) . Everyday skills include cognitive and noncognitive components. Social skills can be regarded as noncognitive skills which are an important part of culture capital.
Altogether, we investigate the skill formation process of nine skill indicators and health at the third stage. Equation (3) represents the skill production function, where skills and health at the third stage S i 3 depend on both current parental investments I 3 and on the cumulated skills and health from the previous stage S 2 S i 3 = f 3 S j 2 , I 3 for i = 1, 2, ..., 10 j = 1, 2, ..., 6.
(3)
S j 2 denotes skills and health at the second stage and is the result of the skill level at the first stage and of investment at the second stage (see equation (2)). I 3 includes both, stage specific and general investments at the third stage. In some cases the mothers participate in the workforce. This could influence the development of skills, due to the fact that she relies on other types of child care such as childminder or institutional child care. In the case of institutional child care, children have contact to other children which influence their cognitive and noncognitive skills through peer effects, for instance (Magnuson et al.; . Whether the influence is positive or not also depends on the quality of institutional child care, the type and frequencies of parents' activities and child's characteristics. The influence of differences in the socio-economic living conditions, measured by current municipality size or the availability of a garden, will be investigated for the skill formation process.
Central for our analysis is the concept of self-productivity (equation (4)). Selfproductivity means that skills acquired at one stage foster skills advancement at later stages.
Self-productivity may differ between different types of skills at different stages in the life cycle.
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Theoretically it is possible that only one of both inputs affects the skill production at a certain stage. Equation (5) describes the case where the skill production in t is independent of skills in (t − 1). In this case, levels of skills in t result solely from levels of investments in t. Hence, compensating policies could have a large impact on skill development and there is no multiplier effect. Equation (6) describes the other polar case where the skill production is independent of investments. At each period the skill formation depends only on cumulative skills before, not on investments.
Hence, compensatory policies have no impact at all, with the exception of those that are targeted to improve the starting conditions.
The following sections introduce the data and investigates the impact of selfproductivity and parental investments in a three stage process.
3 The data set and descriptive statistics The percentage of children with low birth weight varies around seven percent. 6
Skill measurement and investment at birth
Mothers with a lower socioeconomic status are at higher risk for low birth weight children (Reichman; . 7 The average number of years of mothers's education varies between 12.61 in 2002 and 12.84 in 2004/2005 . Maternal health is measured 6 Low birth weight is regarded as a serious risk factor for skill development (Steigleider et al.; 2002) . The most common illness for children with low birth weight is cerebral palsy (Reichman; . Incidentally, these children have a higher probability to suffer from breathing and deafness or even to go blind, in comparison to their counterpart with normal weight which again is a cause for further diseases such as asthma. The extent of health risks is higher, the lower the birth weight (Reichman; . Currie and Hyerson (1999) show that low birth weight increases the probability of obesity and heart diseases in adulthood. These diseases again lead to inappropriate learning conditions for children at school age. Social costs of low birth weight are investigated by Almond et al. (2005) . 7 The intergenerational transmission of human capital varies between countries. For instance, estimates indicate that the transmission is lower in the Scandinavian countries and stronger in the United States (Solon; . Since we have only 43 percent first born children, the average age of the mother in nearly all columns is above 30 years. The risk of low birth weight children increases for very young mothers, meaning two years after menarche, and for mothers in the late thirties or older, for instance (Reichman; . Mother's physical and mental constitution three months before birth are used as an indicator of intrauterine growth retardation. In the pooled sample, 71 percent of all mothers are in good physical and mental state before birth. Finally, the environmental factors during pregnancy might have an impact on birth weight, which is measured by the municipality size.
Skill measurement and investment at the second stage
The skill measurement at the second stage is based on maternal ratings. The mothers were asked five characteristics of their child in the newborn questionnaire. These questions are: "My child's health concerns me", "My child is generally happy and satisfied", "My child is easily irritated and cries frequently", "My child is difficult to console" and "My child is curious and active". The responding mothers could specify on the Likert Scale with four categories to what extend the statements apply: "Applies fully", "Applies more", "Applies less" and "Does not apply". 9 The ordinal scales are transformed into a metric scale. We assign to each item on the Likert Scale numerical levels in percent, where 12.5 percent is the lowest value ("does not apply"), 37.5 percent, 62.5 percent and 87.5 percent ("Applies fully") the highest value. Each numerical level in percent is the mean between two categories. This transformation is based on the assumption that all respondents have the same metric scale in mind and value the meaning of each category with the same percentage (Praag; 1991) . 10 97 percent of the mothers are the major care giver for their child which advances the quality of the skill indicators calculated from their ratings. We examine each of these four noncognitive skills and the health separately. Furthermore, the average of these five skill and health indicators is calculated to provide an overall skill indicator
( 1 j 5 j=1 S j ). Table 3 reports means and standard deviations of the variables for the pooled birth cohorts used in the estimation. 11 In accordance to the technology of skill formation, Table 3 is divided in two parts. The upper part presents outcomes and the lower part presents inputs at this stage. The average value of each skill, as presented in Table 3 , lies on the upper bound of scale. The lowest level is 72.03 percent (cry behavior) and the highest level is 82.37 percent (activity). Judged by the mother, the child's noncognitive skills at this stage are well developed. In particular, the child's activity and satisfaction attain the highest assessments. The scale of the meta skill variable varies between 32.5 and 87.5 percent.
The average birth weight, mother's height, mother's years of education and the municipality is nearly the same compared to the first stage for the pooled sample. 12
The percentage of mothers who feel very strongly supported by the father is about 9 We adjust the scale of these five assessments in order to provide an uniform scale for all indicators. For all assessments it is essential that the higher the value of the scale the better is the outcome.
10 Let S k denote the latent continuous scale which ranges from [0, 100] . With four answer categories (k=1,2..., K) the transformation into a metric scale based on the assumption of equal interval length between two categories: S k = (2k − 1) * 100 2K . This assumption is a reasonable approximation of respondents replies (Praag; 1991) .
11 The sample size decreases by 118 observations due to the fact that all children younger than three month are excluded. Additionally, we drop 32 observations due to missing values.
12 So the reduction of the sample has no systematic consequence for the reported means. Table A2 ), stage specific assessments on verbal, motor, social and everyday skills are available. The mothers were asked what new things her child has learned. They could answer on Vineland Adopted Behaviour scale, "yes" my child has learned this thing, "to some extent" my child has learned this thing and "no" my child has not learned this thing. 15 We add the five values of each assessment within competence group to construct an aggregate measure for verbal, motor, social and everyday skills. The sum of scales ranges from 5 to 20. In order to adjust the scale of skills based on Vineland Scale to the scale of skills based on the Likert Scale, we multiply by the factor four. The scale ranges now from 20-80 percent (see Appendix Table   A3 ). month, children attain a vocabulary tool of more than 50 words (Tracy; 2000) . Furthermore, the acquisition of verbal skills is also possible for children with diminished other cognitive skills .
The average level of all noncognitive skill indicators are rather similar to the second stage. In particular, child's satisfaction and activity behavior are well developed Since the extension of the provision of institutional child care is currently on the top of the political agenda in Germany, we investigate the effect of institutional child care on child's skill development in the econometric part.
Additionally, a stage specific investment variable is created, called parental activity, based on nine questions derived from the mother-child (2) questionnaires. The mothers were asked how often (in days) they are singing, watching TV, going to the playground and some other activities. 16 Mothers reply how frequently each investment has been undertaken in the past weeks (1=never, 4=everyday). The sum of these nine questions provides a total score of parental activities (see Appendix Table   A4 ). The scale of parental activities ranges from 9-35, with an average value 26.34.
At the third stage the percentage of children growing up with solely German speaking parents is about 83 percent. The average values for mother's height, mother's years of education and for municipality are nearly the same as in the pooled sample at the stages before. In our sample 75 percent of all families have a garden. The share of children without siblings decreases by 21 percent points in comparison to the second stage. Child's age varies between 26-42 months and the average age is about 33.60 months.
Econometric analysis

Birth outcome estimation
Our basic estimation equation at birth (equation (7)) is a linear representation of the skill production function described in section 2, where S j 1 denotes the first skill indicator, I 1 denotes parental investments in t = 1 and S 0 denotes the child's birth characteristics. Three different continuous variants of birth weight are investigated: birth weight, ln(birth weight) and fetal growth. The resulting R 2 statistics from the first stage regression with each variant of birth weight indicates that the ln(birth weight) provides the best fit (see Appendix Table A5 ). Thus, the natural logarithm of birth weight is used throughout the following discussion. Furthermore, a probit model has been estimated for the binary variable NBW. (2007) we find no effect of maternal education on birth outcome. Presumably as a result of the small sample size the non-linear age effect is not strongly determined. For mother's nationality and the municipality size the estimates differ between birth cohorts and are mostly insignificant. The probit analysis, see Table A5 confirms the other regression results with one difference.
Here, we find no significant gender difference in the probability to be born with normal compared to low birth weight. 
Self-productivity between birth and 3-18 months
The estimates of self-productivity are derived from equation (8), where S j 2 denotes the indicators of noncognitive skills, the health and the meta skill at the second stage j = 1, 2, · · · , 6. I 2 denotes parental investments and S 1 represents our preferred skill indicator at birth (ln (birth weight)).
The parameter of interest α 1 is estimated with ordinary least square (OLS) and two stage least square (2SLS). OLS estimates may suffer from omitted variables problems. For instance, it is not actual birth weight that matters for self-productivity.
Instead observed and unobserved factors related to birth weight contribute to selfproductivity and further skill formation. Therefore, we use the variables at the first stage (equation (7)) to instrument the birth weight. For all models presented in The 2SLS estimation results are presented in Table 6 , the OLS results in Table A6 in the Appendix. Column 1 reports the estimates for the health and column 2-6 report the estimates for the five skill indicators.
Overall we find evidence for self-productivity. Controlling for maternal education, stage specific investments and environmental factors, our findings suggest that children who have experienced poorer skills at birth have significant lower skills at this stage. The results indicate that self-productivity differ between the skill indicators.
The coefficient for the meta skill is 25.83. Since the natural logarithm of birth weight is used, the value implies that a reduplication of birth weight increases the meta skill by 25.83. Furthermore, Table 6 reports the coefficient of the dummy variable for birth weight >2500 gram instead of the ln(birth weight) specification.
The coefficient in the binary specification is 18.73. This implies that having a birth weight higher than 2,500 grams enhances skills by 18.73. These two coefficients are very similar. Further estimates in the subsample of LBW (which are not reported in detail) suggest that self-productivity is continuously related with birth weight and therefore the discussion will refer to the continuous case. To compare the magnitude of self-productivity for the different skills, Table 6 contains the elasticity of self-productivity, evaluated at the sample mean, for the ln (birth weight), the normal birth weight and for fetal growth. The elasticity for the meta skill between birth and the second stage is 0.34. The elasticities varies between 0.64 for child's health and 0.11 for child's activity (the latter is not different from zero). The elasticities for birth weight and fetal growth are slightly higher compared to ln(birth weight) for each of the indicators, confirming evidence for self-productivity. The OLS estimates of equation (8) ( Table A6 in the Appendix), are significantly lower. This downward bias in the estimates results from an omitted variables problem. The 2SLQ estimates of self-productivity are therefore more reliable than the OLS estimates.
Investment also matter. A strong support of the father, mother's good mental and physical state three month after birth and the availability of a warm meal with meat, fowl or fish, at least twice a week, foster the formation of child's noncognitive skills and health at the age between 3-18 months. These results confirm that the early father-child interaction fosters emotional security and resilience and may even compensate the risk of low birth outcomes 2000; Laucht; .
The coefficients of birth weight on child's noncognitive skills (self-productivity) is roughly eight times larger than the one of paternal support on child's noncognitive skills. However one has to keep in mind that for skill formation over the life cycle father's support gains relevance due to self-productivity. These findings suggest that for fostering human capital more attention should be paid to the quality of early parent-child interaction. This includes both, emotion and nutrition. Both factors contribute to the intergenerational transmission of inequality and human capital.
Gender differences are significant for child's health, satisfaction and crying behavior.
For these indicators, girls seem to have higher skills than boys. For child's satisfaction and child's activity we find that both skills are more pronounced the older the child is. We tested whether the age results depends on the sample chosen. Each sample was spilt into two subsamples, one for the 3-12 month olds and one for the 6-18 months olds. Table A7 (Appendix) reports our main parameter of interest for the two samples and the overall sample. Self-productivity remains important for both subsamples and is slightly higher for the sample with the older children.
Self-productivity between 3-18 months and 26-42 months
The estimates of self-productivity between the skills at the second stage and the skills at the third stage based on equation (9).
S i 3 denotes a child's verbal, motor, social, everyday skills, child's personality traits and child's health at the third stage. I 3 denotes current parental investments and S 2 denotes the infant skill indicators from the previous period. Our primary parameter of interest is α 2 , which measures self-productivity. α 2 is estimated with ordinary least square (OLS) and three stage least square (3SLS). In oder to take into account that a insufficient consideration of unobserved variables leads to a bias in the OLS estimates, we use an instrumental variable approach. The first stage equation (7) is used to instrument the birth weight and equation (8) for instrumenting the skills at the second stage. For the models presented in Table 6 the null hypothesis that all instruments are jointly insignificant can be rejected at the one percent level. At the third stage we excluded the variables father's support and post-fetal environment from the regression, because the Sargan-test indicates that they are uncorrelated with the error term of equation (9). Table 7 reports the 3SLS estimation results for verbal, motor, social and everyday skills. It also contains the elasticities evaluated at the sample mean for all variants of birth weight. Self-productivity is evident in skill formation process between stage two and stage three. Higher noncognitive skills at the second stage lead to higher cognitive and noncognitive skills at the third stage. Thus the returns on higher birth weight and early parental investments accumulate further through self-productivity until the end of early childhood. Altogether, the magnitude of self-productivity is higher at the third stage in comparison to the second stage (see the chapter before).
Self-productivity is larger for child's everyday skills (1.04 percent) and lower for a child's motor skills (0.50 percent). The estimates of equation (9) are very similar between the three specification of the birth weight, which confirms the relevance of self-productivity.
OLS results of equation (9) that do not account for omitted variables are documented in Table A8 . OLS underestimates the magnitude of self-productivity. Table 8 presents the 3SLS estimation results for the noncognitive skills and health (column 1-5) and for the meta skill (column 6). A one percent increase in the meta skill at the second stage leads to a 0.32 percent increase in the meta skill at the third stage. At this stage the elasticity is highest for child's console behavior (0.67) and child's activity (0.86). An active and inquiring personality is a stable characteristic at least within early childhood. 19 At this stage self-productivity for the health and satisfaction is lower in comparison to the second stage (and statistically not different from zero). However, results in Table 8 suggest strong synergies between child's health in stage two and child's activities in stage three (0.71 percent) and between the past crying behavior and current activities (0.82). OLS results are documented in Table A9 . OLS estimates of equation (9) that do not account for omitted variables lead to an underestimating of self-productivity.
Besides cumulative skills investment contribute to the skill formation process at the third stage. Mother's education enhances her child's verbal skills, activity and the meta skill, which is in line with Black et al. (2005) . A one percent increase of years of education lead to an 0.10 increase of her child's verbal skill. Mother's education All models include child's gender, child's age, siblings, mother's height, mother's working hours, mother's nationality, regular meal, speak German with the child, parents married and municipality size. ***significant at 1% level; **significant at 5% level; * significant at 10% level. Own calculation.
has no measurable effect on child's social and everyday skills within early childhood.
Similar there is no measurable influence on infant skill formation through mother's workforce participation at this stage. Mother's decision to work is often a decision of attending extra domestic child care such as institutional child care. The results reported in Table 7 show a significantly positive association between social and everyday skills and institutional child care in early childhood. Institutional child care however seems to have no influence on the development of a child's cognitive skills and have a negative impact on the development of the child's personality traits.
There is a weak negative association between institutional care and a child's crying behavior which can result from a new introduction to the kindergarten, where chil- All models include child's gender, child's age, siblings, mother's height, mother's working hours, mother's education, mother's nationality, institutional child care, parental activity, meal, speak German with the child, parents married, availability of a garden and municipality size. ***significant at 1%level; **significant at 5% level; *significant at 10% level. Own calculation.
dren are separated from their mothers for the first time. Hence, these associations might not persist for a longer time spend in the kindergarten.
As expected, for most skills we find a positive and significant impact of stage specific parental activities on the child's skills in the third stage. The more often and the more types of activities parents undertake with their child, the higher the current cognitive and noncognitive skills. The impact of this activities differs between skills. For instance, verbal skills are positively affected through parental activities and have an elasticity of 0.20 percent, but parental activities have no impact on the motor skill. Another difference between the formation of skills presented in Table 7 and the formation of skills presented in Table 8 is that parents' activities have no measureable influence on the development of a child's personality traits. Therefore no single investment will affect each skill in the same manner which implies also that educational policies needs differentiation.
22
Timing of investment matters. While a regular nutrition enhances skills at the second stage, there is no significant association between regular nutrition and skill development at the third stage. The availability of a garden has a positive and significant impact on child's verbal, motor and social skill development. Interestingly, children who grow up in large municipalities attain poorer skill outcomes than children who grow up in small municipalities. Both of these environmental factors have no impact on the development of child's personality traits neither at the age of 3-18 months nor at the age of 26-42 months.
Gender differences for the child's satisfaction, crying behavior and meta skill are significant. Whereas girls attain significant higher social and everyday skills than boys at the third stage, there are no gender differences for child's cognitive skills.
Growing up without siblings seems to have no measurable influence for the skill formation process without one exception. Single children have significant lower social skills. Finally the verbal, motor and everyday skills increase with child's age.
For sensitivity reasons all models presented in Table 7 and 8 have been estimated excluding all children below 28 months and above 40 months. Table A10 and A11
(Appendix) report our main parameter of interest. Since the estimation results are very similar to the overall sample the findings can be regarded as robust with respect to the age of the children included in the estimation sample.
Concluding remarks
Self-productivity in association with the dramatic speed of learning and skill formation is the main reason that early childhood has a shaping role for human capital formation and inequality over the life cycle. It is the fundamental principle that is responsible for the cumulative and synergetic nature of human capital formation . In this study we investigate self-productivity within a three stage skill formation model in early childhood. Based on the representative Our findings indicate that both, acquired skills at previous stage and parental investments, contribute to the skill formation process. We find evidence on selfproductivity between the skill indicators at birth, at the age of 3-18 months and 23 at the age of 26-42 months. Evaluated at the sample mean a one percent increase in birth weight leads to an 0.34 percent increase in child's noncognitive skills and to an 0.64 percent increase in child's health until the age of 18 months. Between the second and third stage, a one percent increase in child's noncognitive skills leads to an 0.58 percent increase in child's cognitive skills (verbal skills) and to an 1.04 percent increase in child's noncognitive skills (everyday skills). The empirical results suggest strong synergies between child's health and child's noncognitive skills.
At the second stage father's support, mother's physical and mental health as well as nutrition have a positive influence on the child's noncognitive skill development. Our findings at the end of early childhood indicate that no single investment could affect each type of skill in the same manner. Rather different types of skills require different types of investments. For instance, we find a positive return of mother's education on verbal skills, which amplify skill formation at later stages via self-productivity.
Between 26-42 months we find no influence on mother's labor force participation on skill formation process. The institutional child care improved child's social and everyday skills, but has no influence on child's cognitive skill development. Finally, we find differences in returns on investments, depending on timing of investments.
We regard our empirical approach as a step for a more comprehensive analysis of self-productivity with improved data and methods. The paper may also be helpful for finding bridges between studies based on "objective" skill measures, such as birth weight or achievement test scores, and "subjective" measures such as maternal ratings. A recent study on the relationship between birth weight and socio-economic outcomes in adulthood concluded: "Our estimates suggest eliminating birth weight differences between socioeconomic groups would have sizeable effects on labor market outcomes of children from poorer families" .
Our empirical investigation of self-productivity in the first three years of childhood sheds some light on the causal relationship between birth weight on skill outcomes.
On the one hand the significant magnitude of self-productivity in early childhood suggests that strong compensatory effort is needed to help disadvantaged children A Appendix All models include child's gender, child's age, siblings, mother's height, mother's education, mother's nationality, availability of a garden and municipality size. ***significant at 1% level; **significant at 5% level; * significant at 10% level. Own calculation. 2003 Errors are in parentheses: All models include child's gender, child's age, siblings, mother's height, mother's education, mother's nationality, availability of a garden, municipality size, regular meal, strong father's support and post-fetal environment. ***significant at 1% level; **significant at 5% level; * significant at 10% level. Own calculation. All models include child's gender, child's age, siblings, mother's height, mother's working hours, mother's nationality, regular meal, speak German with the child, parents married and municipality size. ***significant at 1%level; **significant at 5% level; * significant at 10% level. Own calculation. All models include child's gender, child's age, siblings, mother's height, mother's working hours, mother's education, institutional child care, parental activity, mother's nationality, regular meal, speak German with the children, parents married, municipality size and the availability of a garden. ***significant at 1% level; **significant at 5% level; * significant at 10% level. Own calculation. All models include child's gender, child's age, siblings, mother's height, mother's working hours, mother's education, institutional child care, parental activity, mother's nationality, regular meal, speak German with the child, parents married, municipality size and the availability of a garden. ***significant at 1% level; **significant at 5% level; * significant at 10% level. Own calculation.
